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(54) Combined pressure responsive transducer and temperature sensor apparatus 



(57) A combined fluid pressure and temperature 
sensor device 10 has a variable capacitor (14) formed 
of a rigid substrate (14a) and flexible diaphragm (14b) 
attached thereto in sealed, spaced apart relation by an 
annular glass seal (34). The capacitor is received in a 
fluid passage chamber (12e) of a housing (12) having a 
fluid port (12b) for coupling to a fluid pressure source to 
be monitored. A connector (20) mounting transducer 
terminal pins is received in an open end of the housing 
with an electric circuit chamber (20d) formed between 
the connector and the variable capacitor which receives 
signal conditioning circuitry (26). A temperature respon- 
sive thermistor (32) is disposed, in one embodiment, on 
the exposed face of the diaphragm and is provided with 
electrical traces (32a, 32b) which go through apertures 
14k, 14j) in the diaphragm into electrical contact with 
connection pads on the substrate within a glass en- 
closed window (34k, 34j). Traces (32e, 32f) extend from 
the connection pads through the glass seal to additional 
glass enclosed windows (34g, 34h) for connection with 
respective pins (30d, 30e) extending through the sub- 
strate to form a hermetic seal between the thermistor 
(32) and the signal conditioning circuit chamber through 
the annular glass seal. Additional embodiments include 
a leaded thermistor (42) positioned in the fluid pressure 
port (40), a leaded thermistor in a protective sleeve 
adapted to project into a fluid body (50), a leaded ther- 
mistor in which the leads are bent to place the thermistor 
adjacent to the diaphragm (60), a thermistor mounted 



on a heat conductive probe with a thermistor proximate 
to the diaphragm and with the probe extending therebe- 
yond (70) a thermistor received on the substrate through 
an aperture in the diaphragm in a closed glass window 
(80) and a thermistor combined with a monolithic varia- 
ble capacitor (90). 
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Description 

Background of the Invention 

This application relates generally to condition re- 
sponsive sensors and more particularly to combined flu- 
id pressure and temperature sensor apparatus. 

Fluid pressure responsive capacitive transducers 
comprising a variable capacitor mounted in a f I uid cham- 
ber having a thin ceramic diaphragm exposed to the fluid 
so that changes in fluid pressure cause concomitant 
changes in the position of the diaphragm to thereby 
cause a change in the capacitance of the capacitor are 
well known in the art. Transducers of this type are shown 
and described, for example, in U.S. Patent No. 
4,716,492, the subject matter of which is incorporated 
herein by this reference. In that patent, a thin ceramic 
diaphragm is shown mounted in closely spaced, sealed, 
overlying relation to a ceramic substrate. Metal coatings 
are deposited on opposing surfaces of the diaphragm 
and base to serve as capacitive plates arranged in pre- 
determined closely spaced relation to each other to form 
a capacitor. Capacitor terminal pins having one end con- 
nected to the capacitor plates are mounted in bores ex- 
tending through the substrate with an opposite end con- 
nected to signal conditioning circuitry disposed in an 
electric circuit chamber at an opposite surface of the 
substrate. A connector body of electrical insulating ma- 
terial, received over the signal conditioning circuitry 
mounts transducer terminals extending into the electric 
circuit chamber for connection to the signal conditioning 
circuitry. Capacitance is converted by the circuitry to an 
output voltage related to the fluid pressure. The capac- 
itor is received in a suitable housing having a fluid re- 
ceiving port and is provided with a fluid seal enabling 
the transducer to be used with fluid pressures up to 
10,000 psi or higher. 

In certain applications it is desirable to measure the 
temperature of fluid as well as pressure. Although it is 
known to provide temperature sensors in a separate or 
stand alone housing, it would be desirable to combine 
both functions in the same housing so that both meas- 
urements can be obtained at essentially the same loca- 
tion as well as to provide savings of cost and space. One 
of the problems in providing a device combining both 
functions is that of providing a seal between the electri- 
cal leads of the temperature sensing element and the 
interconnection with the electrical circuit means of the 
device in order to prevent leakage of the fluid being 
sensed, particularly at relatively high pressures, while 
still being able to accurately sense the temperature of 
the fluid within a satisfactory response time and without 
impairing the pressure sensing function. Sealing the 
temperature sensor by overmolding techniques ad- 
dresses the leakage problem; however, it results in a 
relatively slow response time and an inherent tempera- 
ture gradient between the medium being sensed and the 
sensing element. Sensors which are directly exposed to 



the fluid medium generally have an epoxy seal for the 
sensor leads; however, due to leakage problems, these 
are limited to use with relatively low pressure fluid sys- 
tems. 

5 

Summary of the Invention 

It is an object of the present invention to provide 
combined pressure and temperature sensor apparatus 

io which overcomes the prior art limitations noted above. 
Another object is the provision of a combined fluid pres- 
sure responsive capacitive transducer and a tempera- 
ture sensor having a novel fluid seal for the leads of the 
temperature sensor which do not adversely affect the 

is pressure sensing function of the combined device. Yet 
another object is the provision of a relatively inexpensive 
device for measuring both pressure and temperature of 
a fluid with a high degree of accuracy and a short re- 
sponse time. 

20 Briefly stated, in accordance with the invention, a 
combined pressure responsive transducer and temper- 
ature sensor comprise a housing having a fluid pressure 
receiving port in fluid communication with a fluid pres- 
sure chamber. A variable capacitor having a rigid sub- 

25 strate and a flexible diaphragm are each provided with 
a capacitor plate on a respective face surface with the 
diaphragm attached to and spaced from the substrate 
and with the capacitor plates facing one another in 
aligned spaced apart relation in a gap formed by a gen- 

30 erally annular glass seal. The variable capacitor is dis- 
posed in the housing with the diaphragm exposed to the 
fluid pressure chamber. Electrical traces extend from 
the capacitor plates into an enclosed window or opening 
in the glass seal for electrical connection with electrical 

35 pins extending through the substrate. The opposite 
ends of the electrical pins are connected to signal con- 
ditioning circuitry disposed in an electric circuit chamber 
formed between the substrate and an electrical connec- 
tor body which mounts transducer terminals also con- 

40 nected to the signal conditioning circuitry. A temperature 
responsive element is mounted preferably for direct en- 
gagement with the fluid being monitored and is provided 
with electrical leads which extend through an opening 
in the diaphragm near its outer periphery aligned with 

45 the glass seal. According to a feature of the invention, 
the electrical leads are connected to first connection 
pads in enclosed windows in the glass seal which in turn 
have traces extending through the glass seal to respec- 
tive second connection pads in other enclosed windows 

50 in the glass seal thereby forming a hermetic seal be- 
tween the first and second connection pads. Tempera- 
ture sensor electric pins, connectable to the signal con- 
ditioning circuitry, extend through the substrate and are 
electrically connected to the respective second connec- 
ts tion pads. According to a first embodiment, the temper- 
ature responsive element, e.g., a resistive element, is a 
thick film thermistor coated onto the exposed face of the 
diaphragm. According to another embodiment, the tem- 
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perature responsive element comprises a pill type of 
thermistor with wire leads connected to spaced apart 
portions of the thermistor with the leads extending 
through respective openings in the diaphragm at a lo- 
cation aligned with enclosed windows of the seal and 
preferably into closed ended bores in the substrate to 
provide mechanical support for the leads. The thermis- 
tor may be disposed within the port of the housing or it 
may extend beyond the port with or without a protective 
sheath. The thermistor leads may also be bent so that 
the thermistor is placed within the fluid chamber closely 
adjacent to the diaphragm. According to an alternative 
embodiment, the sensor is mounted on a heat conduc- 
tive probe which extends beyond the location of the sen- 
sor into the fluid medium. In yet another embodiment, 
the thermistor, either thick film or surface mount type, 
may be mounted directly on the substrate through an 
opening in the diaphragm within a closed opening of the 
seal, i.e., closed in directions along a transversely ex- 
tending plane but open in a direction perpendicular to 
the plane. In another embodiment the temperature sen- 
sor is shown combined with a monolithic variable capac- 
itor. 

Brief Description of the Drawings 

Other objects, advantages and details of the novel 
and improved combined pressure and temperature sen- 
sor apparatus of this invention appear in the following 
detailed description of preferred embodiments of the in- 
vention, the detailed description referring to the draw- 
ings in which: 

Fig. J is a vertical cross sectional view of a com- 
bined pressure and temperature sensor device 
made in accordance with the invention taken along 
the longitudinal axis thereof: 

Fig. 2 is a bottom plan view of a variable capacitor 
of the Fig. 1 device showing a temperature respon- 
sive element mounted thereon; 

Fig. 3 is an enlarged bottom plan view of the sub- 
strate of the Fig. 2 capacitor shown with the station- 
ary capacitor plate and guard ring of the capacitor 
along with associated electrical traces including 
temperature sensor interconnection traces; 

Fig. 4 is a view similar to Fig. 3 but shown without 
the electrically conductive plate, ring and traces and 
shown with the annular glass seal which is used to 
attach the diaphragm to the substrate in spaced 
apart relation therewith; 

Fig. 5 is a bottom plan view of the Fig. 2 substrate 
shown with the Fig. 3 conductive layers and traces 
and with the Fig. 5 glass seal pattern; 
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Fig. 6 is an enlarged top plan view of the diaphragm 
of the Fig. 2 capacitor shown with the movable ca- 
pacitor plate disposed thereon; 

Figs. 7-10 are views, similar to Fig. 1 , of alternative 
embodiments of the invention; 

Fig. 1 1 is an enlarged bottom plan view of a variable 
capacitor mounting a temperature responsive ele- 
ment made in accordance with yet another embod- 
iment of the invention; 

Fig. 12 is a cross sectional view of a variable ca- 
pacitor mounting a temperature responsive ele- 
ment made in accordance with another embodi- 
ment of the invention; and 

Fig. 1 3 is a blown apart perspective of parts used 
in making the Fig. 1 2 variable capacitor. 

Detailed Description of Preferred Embodiments 



Referring to Figs. 1-6, a combined pressure and 
temperature sensor device 10 made in accordance with 

25 the invention comprises a housing 1 2 formed of suitable 
metallic material, such as zinc coated steel, having a 
first end 12a formed with a fluid receiving port 12b. A 
threaded portion 1 2c is provided for coupling in a fluid 
pressure line to be monitored (not shown). An annular 

30 groove 1 2d is formed adjacent to the threaded portion 
for reception of a suitable o-ring seal (not shown) or the 
like. Sidewall 1 2g may be formed with a hexagonal outer 
configuration to facilitate installation and removal of the 
housing from a fluid medium coupling. A fluid pressure 

35 chamber 1 2e is formed in housing 12 in fluid communi- 
cation with port 12b. A variable capacitor 14 having a 
substrate portion 14a and a flexible diaphragm portion 
1 4b attached to the substrate in spaced apart sealed 
relation, is received in chamber 1 2e with diaphragm por- 

40 tion 1 4b exposed to the fluid pressure chamber. A suit- 
able gasket 16 is placed between capacitor 14 and the 
bottom wall 12f of chamber 12e to provide a fluid seal. 
A ring 18 of polytetrafluoroethylene or the like, particu- 
larly useful in high pressure applications, may be placed 

45 between the sidewall 12g and gasket 16 to serve as a 
seating stop for capacitor 1 4 in cooperation with a down- 
ward force exerted through connector 20 clamped by 
inwardly bent wall portion 12h to be discussed and to 
prevent extrusion of the gasket between the capacitor 

so and sidewall 12g. 

An electrically insulative connector 20 has an end 
20a received in the open end formed by sidewall 12g. 
End 20a is formed with a radially extending circumfer- 
ential flange 20b so that attenuated distal end wall por- 

55 tion 12h of the housing can be deformed inwardly to 
clampingly engage the connector. Preferably, a suitable 
gasket 22 is placed between distal end wall portion 12h 
and the connector for providing an environmental seal. 
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Connector 20 mounts, as by insert molding, a plurality 
of connector terminals 24 which extend from a location 
within a shroud 20c into a recessed electric circuit cham- 
ber 20d for electrical connection with signal conditioning 
circuit 26. Signal conditioning circuitry of the type used 
is disclosed in U.S. Patent No. 4,982,351, the subject 
matter of which is incorporated herein by this reference, 
and to which reference may be had for description of the 
operation of the circuitry. 

With particular reference to Figs. 3 and 4, substrate 
14a is a generally circular, rigid, disc shaped member 
formed of suitable electrically insulative material, such 
as ceramic, having opposed planar face surfaces 14c, 
14d. A stationary capacitor plate 28a of suitable electri- 
cally conductive material is centrally disposed on face 
surface 14c with a conductive trace 28b extending radi- 
ally outwardly to an electric pin 30a. A conventional 
guard ring 28c of electrically conductive material is also 
disposed on face surface 14c essentially surrounding 
plate 28a with an electrically conductive trace 28d con- 
necting the ring to an electric pin 30b. Pins 30a, 30b, 
along with pin 30c to be discussed below, are mounted 
in bores provided through substrate 1 4a and are elec- 
trically connected to respective electrically conductive 
traces by means of conductive epoxy or the like, in a 
known manner. 

Two additional electric pins 30d, 30e, extend 
through bores in substrate 1 4a and are electrically con- 
nected by means of conductive epoxy or the like to re- 
spective connector pads 32c, 32d, which in turn are con- 
nected respectively to conductive traces 32e, 32f , and 
they in turn are respectively connected to connection 
pads 32g t 32h. Pins 30d, 30e are aligned respectively 
with enclosed windows 34g, 34h and connection pads 
32g and 32h are respectively aligned with windows 34k, 
34]. 

Flexible diaphragm 1 4b, Fig. 6, also a generally cir- 
cular member preferably formed of the same material 
as substrate 1 4a and having a matching outer periphery, 
has opposed planar face surfaces 1 4e, 1 4f with an elec- 
trically conductive capacitive plate 28e centrally dis- 
posed on face surface 14e and connected with electri- 
cally conductive joiner pad 28f through trace 28g. When 
diaphragm 14b is attached to substrate 14a, using for 
alignment registration notch 14g of substrate 14a and 
14h of diaphragm 14b, with face 14e of diaphragm 1 4b 
facing face 1 4c of substrate 1 4a, pad 28f will be in align- 
ment with pin 30c for electrical connection using con- 
ductive epoxy or the like. First and second apertures 1 4j, 
1 4k, are formed through diaphragm 14b adjacent to the 
outer periphery at a location which corresponds to the 
windows 34k, 34j, respectively of the glass sealing and 
securing means 34 to be discussed. 

With reference to Fig. 4, which shows glass frit pat- 
tern 34 on substrate 14a, with the various electrically 
conductive layers removed for the sake of illustration, 
and Fig. 5 which shows both the conductive layers and 
traces and the glass seal pattern, inner and outer ring 



portions 34a, 34b, of the glass seal pattern circumscribe 
the substrate on face 1 4c and are connected by gener- 
ally radially extending fingers 34c forming a plurality of 
enclosed windows within the glass pattern including 
5 windows 34d, 34e, 34f, 34 g, 34h. 34j and 34k. 

A shown in Figs. 1.2a temperature responsive re- 
sistive element, for example, a thick film layer 32 of suit- 
able material such as platinum is disposed on face 141 
of diaphragm 14b and is provided with electrically con- 
ic ductive traces 32a, 32b respectively, connected to 
spaced apart portions of layer 32 which extend to aper- 
tures 14k, 14j, respectively. Traces 32a, 32b, are elec- 
trically connected to connection pads 32h, 32g respec- 
tively, as by use of conductive epoxy, via fill or pins, to 
75 complete an electrical path between electric pins 30d, 
30e through traces 32e, 32f, 32a, 32b and thermistor 
film 32. Traces 32e, 32f each extend from one glass en- 
closed window through a glass seal to another glass en- 
closed window. The windows aligned with apertures 14j. 
20 14k are exposed to the fluid medium being monitored 
and are hermetically seated from the windows aligned 
with pins 30d, 30e which extend into the electric circuit 
chamber. As stated above, the signal conditioning cir- 
cuitry 26 conditions the electric signal from the thermis- 
25 tor to provide an output in a known manner. 

A device made in accordance with Figs. 1 -6 com- 
bines a temperature sensing function having an effec- 
tive glass seal for the temperature sensing element with 
a pressure sensing function which does not affect the 
30 pressure sensing function and which can be used with 
fluid pressures ranging from a few psi up to 4000 psi or 
higher. 

In the following alternative embodiments shown in 
Figs. 7-11 , the pressure transducer is the same as that 

35 described in Figs. 1-6 and therefore the description ol 
that portion need not be repeated. With regard to Fig. 7, 
an alternate embodiment is shown comprising a com- 
bined pressure and temperature sensing device 40 in 
which the temperature sensing element is a disc shaped 

40 resistive thermistor element 42 with wire leads 42a, 42b 
attached to opposite face surfaces of element 42. The 
opposite ends 42c, 42d respectively, of wire leads 42a, 
42b are received through apertures 14j, 14k of dia- 
phragm 14b and preferably into closed ended bores 

<5 14m. 14n respectively of substrate 14a to provide me- 
chanical sup port for the wire leads. Electrical connection 
to connection pads 32g, 32h is effected by means of 
conductive epoxy or the like. In the Fig. 7 embodiment, 
thermistor element 42 is completely surrounded by the 

50 fluid medium while still being protected from potential 
damage caused by handling during assembly, shipping 
or installing. 

Fig. 8 illustrates another embodiment in which the 
combined sensor device 50 is provided with a tubular 
55 guard 52 having a flange 52a received in fluid pressure 
chamber 1 2e and a castellated open end 52b. An annu- 
lar land 52c provides a stop surface for capacitor 14 and 
defines the effective space for fluid chamber 12e. Surt- 
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able gasket 16' is received between flange 52a and the 
sidewall of housing 12. Thermistor element 42 is dis- 
posed at the castellated end 52b for placement directly 
in a conduit or the like containing the fluid medium being 
monitored. Thermistor element 42 is the same as in the s 
Fig. 7 embodiment and wire leads 42a\ 42b' correspond 
to wire leads 42a, 42b except that they are extended in 
length. 

Fig. 9 illustrates another alternative embodiment in 
which the combined sensor device 60 includes wire io 
leads 42a", 42b", corresponding to leads 42a, 42b of 
Fig. 7 but shortened, which are attached to thermistor 
element 42 and bent approximately 90 degrees so that 
thermistor element 42 is disposed closely adjacent dia- 
phragm 14b. 75 

Fig. 10 illustrates an alternative embodiment in 
which the combined sensor device 70 comprises a ther- 
mistor element 42 thermally coupled with a heat con- 
ductive probe member 72 which extends beyond ther- 
mistor element 42 a selected distance, for example, as 20 
shown in the drawing beyond end 1 2a into the fluid me- 
dium. Probe member 72 is electrically attached to ther- 
mistor element 42 with a separate lead 74 or the like 
electrically attached to a spaced apart portion of the 
thermistor element 42. Lead 74 and probe member 72 25 
are respectively attached to connection pads 32g, 32h 
in the same manner as in the Figs. 7-9 embodiments. 
The Fig. 10 embodiment provides an advantage of min- 
imizing any pendulum effect associated with the sensor 
element if it were mounted at the distal end of the elon- 30 
gated probe element 6ince a significant portion of the 
mass of the sensor is located proximate to the substrate 
mounting means while still providing a fast response 
time and minimal heat differential between the fluid me- 
dium being monitored and the thermistor element. 35 

Fig. 11, illustrating another alternative embodiment, 
a combined sensor 80, is shown without the housing and 
connector for simplicity of illustration. As shown, an ap- 
erture 14p is formed in the diaphragm 14 extending be- 
tween connection pads 32h, 32g and thermistor element 40 
82, either a surface mount element or a filmed element 
is placed directly on face 14c of substrate 14a. Electric 
traces 82a, 82b electrically connect spaced apart por- 
tions of thermistor element 82 with connection pads 32g, 
32h, respectively. 45 

Although the above embodiments show a dia- 
phragm secured in spaced apart relation to a separate 
substrate by an annular glass seal, it is also within the 
purview of the invention to combine a temperature sen- 
sor with a monolithic condition responsive sensor as so 
shown in Figs. 12 and 13. 

With reference to Fig. 12 , a combined sensor 90, 
also shown without the housing and connector for pur- 
poses of illustration, comprises a monolithic body 14' of 
suitable material, such as ceramic, having a cavity 14p ss 
formed between a substrate portion 14a' and a dia- 
phragm portion 1 4b*. Monolithic body 1 4' can be formed, 
for example, by taking powdered ceramic material coat- 



ed with an organic binder and pressed into substrate 
portion 1 4a* with a recess 1 4p and a diaphragm portion 
14b' as shown in Fig. 13. A fugitive spacer element 92 
of decomposable material may be placed in recess 14p 
to maintain the selected configuration of the recess. 
Metallized coatings such as the patterns of Figs. 6 and 
3, respectively, are deposited on the inner face surface 
of the diaphragm portion and on the recessed surface 
of the substrate portion 14a* with the connection pads 
pattern deposited on margin 14r between the outer pe- 
riphery of the substrate portion and the recess 1 4p. The 
substrate and diaphragm portions are then pressed to- 
gether to form a single unit and heated to a debinderiz- 
ing temperature to decompose and release the organics 
and then the body is co-fired to sinter the ceramic and 
form a monolithic, closed cell body. Further details of 
making a monolithic pressure transducer are disclosed 
in U.S. Patent No. 5,436,795, assigned to the assignee 
of the present invention, the subject matter of which is 
incorporated herein by this reference. 

It should be understood that although preferred em- 
bodiments of the invention have been described by way 
of illustrating the invention, the invention includes all 
modifications and equivalents of the disclosed embodi- 
ments falling within the scope of the appended claims. 
Although a pressure responsive variable capacitor is 
disclosed as a specific condition responsive sensor 
combined with the temperature sensor, it will be under- 
stood that the temperature sensor can be combined with 
other condition responsive sensors having a diaphragm 
attached to a substrate by means of an annular seal or 
margin such as, for example, a pressure responsive 
strain resistive sensor or an acceleration sensor where 
the leads of the temperature sensor extend through the 
annular seal or margin as shown and described herein. 
Further, although glass is a preferred sealant and spac- 
ing material, other suitable sealing and spacing materi- 
als may be used, if desired. It will also be appreciated 
that in applications involving temperature sensing of an 
electrically conductive fluid that the thermistor and leads 
can be coated with a layer of electrically insulative ma- 
terial thick enough to provide electrical insulation but 
thin enough to avoid significantly affecting the thermal 
coupling between the fluid and the sensor. 



Claims 

1. Combined fluid pressure and temperature sensor 
apparatus comprising 

a housing having first and second ends, a fluid 
pressure receiving port disposed at the first 
end, a fluid pressure receiving chamber formed 
in the housing with the port in fluid receiving 
communication therewith, a tubular wall formed 
at the second end of the housing forming an 
open end, 
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a variable capacitor having a rigid electrically 
insulative substrate and opposing first and sec- 
ond relatively planar face surfaces and a gen- 
erally circular outer periphery, a relatively flex- 
ible diaphragm formed of electrically insulative 5 
material having opposed first and second gen- 
erally planar face surfaces and a generally cir- 
cular outer periphery matching that of the sub- 
strate periphery, a capacitor plate disposed on 
the first face surface of each of the substrate io 
and the diaphragm, the diaphragm disposed on 
the substrate with a generally annular glass 
seal therebetween disposed adjacent the pe- 
ripheries of the substrate and the diaphragm, 
the capacitor plates being aligned and facing is 
each other and being spaced apart by the glass 
seal to form a gap, the variable capacitor dis- 
posed in the housing with the second face sur- 
face of the diaphragm exposed to the fluid pres- 
sure receiving chamber, 20 
an electrically insulative connector body re- 
ceived in the open end of the housing, an elec- 
tric circuit chamber formed between the con- 
nector body and the variable capacitor, a signal 
conditioning electric circuit received in the elec- 25 
trie circuit chamber, electric terminals mounted 
in the connector body extending into the elec- 
tric circuit chamber and being connected to the 
signal conditioning electric circuit, electric pins 
extending through the substrate aligned with 30 
the glass seal and having one end connected 
to the signal conditioning electric circuit, the 
other end of at least some electric pins electri- 
cally connected to the capacitor plates, 
a temperature responsive element, first and 35 
second electric leads electrically attached to 
spaced portions of the resistive element, the 
leads extending from a location external of the 
capacitor and being electrically connected to 
two other of the electric pins extending through *o 
the substrate. 

Combined fluid pressure and temperature sensor 
apparatus according to claim 1 in which the temper- 
ature responsive element is disposed on the sec- 
ond face surface of the diaphragm and the electric 
leads include coated traces on the second face sur- 
face of the diaphragm. 



responsive element is disposed externally of the 
housing. 

5. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 in which the electric 
leads comprise elements bent approximately ninety 
degrees so that the temperature responsive ele- 
ment is disposed adjacent the second face surface 
of the diaphragm. 

6. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 further comprising 
an elongated heat conductive probe member hav- 
ing first and second opposite ends, the first end 
mounted in the substrate with the probe member 
extending through the diaphragm, the temperature 
responsive element mounted on the probe member. 

7. Combined fluid pressure and temperature sensor 
apparatus according to claim 6 in which the temper- 
ature responsive element is mounted proximate to 
the second face surface on the diaphragm and the 
probe member extends beyond the temperature re- 
sponsive element. 

8. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 in which first-con- 
nection pads of electrically conductive material are 
disposed on the first face surface of the substrate 
within the glass seal and aligned with an aperture 
through the diaphragm, two electrically conductive 
second connection pads are disposed on the first 
face surface of the substrate spaced from the first 
connection pads, each second connection pad 
electrically connected to a respective first connec- 
tion pad through the glass seal forming an hermetic 
seal between the first and second connection pads, 
the electric leads of the temperature responsive el- 
ement being electrically connected to respective 
first connection pads and the second connection 
pads being electrically connected to respective 
electric pins extending through the substrate. 

9. Combined fluid pressure and temperature sensor 
apparatus according to claim 8 in which the second 
connection pads are electrically connected to re- 
spective electric pins through electrically conduc- 
tive epoxy. 



Combined fluid pressure and temperature sensor 
apparatus according to claim 1 in which the electric 
leads comprise wire elements and the temperature 
responsive element is disposed in the port of the 
housing. 

Combined fluid pressure and temperature sensor 
apparatus according to claim 1 in which the electric 
leads comprise wire elements and the temperature 



so 10. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 in which an aperture 
is formed in the diaphragm aligned with the annular 
glass seal and the temperature responsive element 
is mounted on the first face surface of the substrate. 

55 

11. Combined first and second condition responsive 
sensor apparatus comprising a first condition re- 
sponsive sensor having a rigid electrically insulative 
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substrate, a relatively flexible diaphragm formed of 
electrically insulative material, the diaphragm dis- 
posed on the substrate with a generally annular seal 
therebetween, electric pins extending through the 
substrate, at least some of the electric pins connect- s 
ed to the first condition responsive sensor, 

the second condition responsive sensor com- 
prising a temperature responsive resistive element, 
first and second electric leads electrically attached 
to spaced portions of the resistive element, the io 
leads extending from a location externally of the first 
condition responsive sensor through the dia- 
phragm, two first connection pads of electrically 
conductive material disposed on a face surface of 
the substrate within the seal and aligned with an ap- is 
erture through the diaphragm, two electrically con- 
ductive second connection pads disposed on the 
face surface of the substrate spaced from the first 
connection pads, each second connection pad 
electrically connected to a respective first connec- 20 
tion pad through the seal forming a seal between 
the first and second connection pads, the electric 
leads of the temperature responsive resistive ele- 
ment being electrically connected to respective first 
connection pads and the second connection pads 25 
electrically connected to other respective electric 
pins extending through the substrate. 

12. Combined first and second condition responsive 
sensor apparatus according to claim 11 in which the 30 
first condition responsive sensor comprises a pres- 
sure responsive variable capacitor. 

13. Combined pressure responsive transducer and 
temperature sensor comprising 35 

a housing having first and second ends, a fluid 
pressure receiving port disposed at the first 
end, a fluid pressure receiving chamber formed 
in the housing with the port in fluid receiving 40 
communication therewith, a tubular wall formed 
at the second end of the housing forming an 
open end, 

a pressure sensor having a generally circular 
outer periphery the pressure sensor having a 45 
substrate and, a relatively flexible diaphragm 
formed of electrically insulative material, the di- 
aphragm disposed on the substrate with a gen- 
erally annular glass seal therebetween dis- 
posed adjacent the peripheries of the substrate 5 ° 
and the diaphragm, the pressure sensor dis- 
posed in the housing with a face surface of the 
diaphragm exposed to the fluid pressure re- 
ceiving chamber, 

an electrically insulative connector body re- ss 
ceived in the open end of the housing, an elec- 
tric circuit chamber formed between the con- 
nector body and the substrate, a signal condi- 



tioning electric circuit received in the electric 
circuit chamber, electric terminals mounted in 
the connector body extending into the electric 
circuit chamber and being connected to the sig- 
nal conditioning electric circuit, electric pins ex- 
tending through the substrate aligned with the 
glass seal and having one end connected to the 
signal conditioning electric circuit, the other end 
of at least some electric pins electrically con- 
nected to the pressure sensor, 
a temperature responsive element, first and 
second electric leads electrically attached to 
spaced portions of the resistive element, the 
leads extending from a location externa] of the 
pressure sensor through the diaphragm and 
being electrically connected to other respective 
electric pins extending through the substrate. 

14. Combined fluid pressure and temperature sensor 
apparatus according to claim 13 in which the tem- 
perature responsive element is disposed on the 
face surface of the diaphragm and the electric leads 
include coated traces on the face surface of the di- 
aphragm. 

15. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 3 in which the elec- 
tric leads comprise elements received in closed 
ended bores formed in the substrate. 

16. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 3 in which the elec- 
tric leads comprise wire elements bent approxi- 
mately 90 degrees so that the temperature respon- 
sive element is disposed adjacent the face surface 
of the diaphragm. 

17. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 3 further comprising 
an elongated heat conductive probe member hav- 
ing first and second opposite ends, the first end 
mounted in the substrate with the probe member 
extending through the diaphragm, the temperature 
responsive element mounted on the probe member. 

18. Combined fluid pressure responsive transducer 
and temperature sensor apparatus according to 
claim 17 in which the temperature responsive ele- 
ment is mounted proximate to the face surface on 
the diaphragm and the probe member extends be- 
yond the temperature responsive element. 

19. A combined fluid pressure responsive transducer 
and temperature sensor apparatus according to 
claim 13 in which two first connection pads of elec- 
trically conductive material are disposed on a face 
surface of the substrate within the glass seal and 
aligned with an aperture through the diaphragm, 
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two electrically conductive second connection pads 
are disposed on the face surface of the substrate 
spaced from the first connection pads, each second 
connection pad electrically connected to a respec- 
tive first connection pad through the glass seal s 
forming an hermetic seal between the first and sec- 
ond connection pads, the electric leads of the tem- 
perature responsive element being formed of wire 
elements electrically connected to respective first 
connection pads and the second connection pads io 
electrically connected to respective electric pins ex- 
tending through the substrate. 

20. Combined pressure and temperature sensor appa- 
ratus according to claim 19 in which the electric « 
leads comprise wire elements soldered to the first 
connection pads. 

21. Combined fluid pressure and temperature sensor 
apparatus according to claim 1 9 in which an aper- 20 
ture is formed in the diaphragm aligned with the an- 
nular glass seal and the temperature resistive ele- 
ment is mounted on the face surface of the sub- 
strate. 

25 

22. Combined first and second condition responsive 
sensor apparatus comprising a first condition re- 
sponsive sensor having a body of ceramic material 
having an outer periphery and a top and a bottom 
face surface and having a closed cavity in the body 30 
adjacent to and separated from the bottom face sur- 
face by a relatively flexible diaphragm, electric pins 
extending through the top surface into the body, at 
least some of the electric pins aligned with an an- 
nular margin between the cavity and the outer pe- 35 
riphery, at least some of the electric pins connected 

to the first condition responsive sensor, 

the second condition responsive sensor com- 
prising a temperature responsive resistive element, 
first and second electric leads electrically attached <o 
to spaced portions of the resistive element, the 
leads extending from a location externally of the first 
condition responsive sensor through the bottom 
face surface aligned with the margin, two first con- 
nection pads electrically conductive material dis- ^5 
posed within the body and within the margin and 
aligned with an aperture extending through the bot- 
tom face surface, two electrically conductive sec- 
ond connection pads disposed within the body 
spaced from the first connection pads, each second so 
connection pad electrically connected to a respec- 
tive first connected pad, the electric leads of the 
temperature responsive resistive element being 
electricalty connected to respective first connection 
pads and the second connection pads electrically ss 
connected to other respective electric pins extend- 
ing through the top face surface. 
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FIG 6 
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FIG 10 
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FIG 12 
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